Crude oil produced as water-in-oil (W/O) emulsion can show high viscosity, causing difficulties during pipeline transportation. The production of O/W emulsion by adding an aqueous phase containing solid particles and surfactant is an alternative to decrease oil viscosity. Thus, the objective of this work is to study the synergistic effect of a surfactant (Triton X-100) and a solid particle (sodium bentonite) addition on emulsion inversion. Emulsions were characterized in conductivity, rheology, kinetic stability, and droplet size analyses. W/O to O/W emulsions inversion occurred when aqueous solutions were between 30 and 40% (m/m), according to conductivity and rheology analyses. The increment of water content from 30 to 50 % (w/w) increased mean droplet size from 2.6 to 10.6 µm, increased phase separation from 9.5 to 68.0 (v/v), and decreased emulsion viscosity from 183 to 1.07 mPa.s. Aqueous solution containing solid particle and surfactant affected emulsions' properties, producing systems with lower viscosity than crude oil, making it easier for oil pumping and pipeline transportation.
INTRODUCTION
Petroleum is produced naturally as water-in-oil (W/O) emulsion, a system composed of water droplets dispersed in an oil continuous phase. Water and oil mixtures typically present in the reservoir pass over chokes and valves, and mechanical input leads to form water droplets. The emulsion is, then, stabilized by natural surfactants such as asphaltenes and resins ( O/W emulsions depends on particle concentration, wettability, inter-particle interactions, particle shape, and size. A particle should be typically limited to a few micrometers in size, and it must be much smaller than the emulsion droplet size ( Surfactant and solid particle can show a synergistic effect when added to petroleum emulsions. Wang et al. (2004) reported that kalonite particles are attracted by opposite charges of surfactants (anionic palmitic acid and cationic dodecyl amine) and they are adsorbed onto oilwater interface. In addition, surfactant addition to O/W emulsions stabilized by kaolinite cause an interfacial surface tension decrease. On oil-brine emulsions composed of solid particles (barium sulphate, calcium carbonate, and silica), the synergistic effect was attributed to the increase of particle contact angle on adsorption when surfactant stearic acid is added. However, high surfactant concentration can compete for active sites on the oil-water interface, inhibiting particle adsorption and decreasing emulsion stability (Tambe & Sharma, 1993 , 1994a , 1994b Hunter et al., 2008) . Similar results were observed on the work of Gosa and Uricanu (2002) analyzing systems composed of silica and PEO-PPO-PEO block copolymers. Instability phenomena increased due to flocculation of silica with surfactant adsorption.
The proposed study evaluates the synergistic effect of surfactant and solid particle on crude oilin-water emulsification in the production of low viscous emulsions. This study evaluates the conductivity, kinetic stability, rheology, and droplet size of W/O and O/W emulsions at different water solution concentrations (30, 40, and 50 % w/w) containing bentonite particle (0.5 % w/w) and Triton-X-100 (1.0 % w/w).
MATERIALS AND METHODS

Materials
Crude oil sample was obtained from a field located in Brazil. It was used without previous treatment in the production of petroleum emulsions. Crude oil shows 75.7 mPa.s at 100 s -1 (Pena et al., 2018 ). Triton-X-100 (Neon, Brazil) and sodium bentonite with particle size smaller than 44 µm (Proquímicos, Brazil) were used to produce emulsions.
Emulsion preparation
Emulsions composed of crude oil (70, 60, and 50 % w/w) and aqueous solution (30, 40, and 50% w/w) were produced in an Ultra-Turrax T25 (IKA, Germany), at 15000 rpm/ 2 min.
Initially, an aqueous phase was prepared using distilled water. Surfactant Triton-x-100 (1% w/w) and sodium bentonite (0.5 % w/w) were weighted and the aqueous solution was magnetically stirred for 2 minutes prior to the emulsion preparation at rotor-stator device. Solid particle concentration was previously defined according to a study conducted by Pena et al. (2018) . The required amount of the crude oil was added gradually into the aqueous phase, and the mixing formed the emulsion. Afterwards, the emulsion was taken for conductivity, stability, and optical microscopy measurements.
All preparations and measurements were conducted at room temperature (25°C) and in triplicate.
Emulsion characterization
Conductivity
Electric conductivity of emulsions was evaluated immediately after homogenization process in a conductimeter W12D (BEL Engineering, Italy).
Kinetic stability
The emulsions prepared were tested for stability by transferring the emulsions into 50 mL capacity graduated cone-shaped glass tubes, with 0.1 mL graduations. The phase separation was registered for 7 days at room temperature.
Optical microscopy and droplet size distribution
The microstructure of the emulsions was studied immediately after homogenization process using an optical microscopy (Leica, Germany). The samples were poured onto microscope slides, covered with glass cover slips, and observed at a magnification of 40x. At least 10 images were taken for each sample, and the best 5 sharp pictures were analyzed using the public domain software Image J 1.50i (ImageJ, 2017). Micrographs of the emulsions were analyzed by measuring the diameter of at least 500 droplets (one by one) (Santana et al., 2011) . After conversion of the pixel-scale into microns by a scaling factor, droplet diameter data were used to plot a histogram of droplet frequency (number percentage) versus droplet size category. Considering spherical droplets, the surface mean diameter (d 32 ) of the emulsions were calculated as d 32 
, where n i is the number of particles with diameter d i .
Rheology
Rheological measurements of the emulsions were carried out using a viscosimeter OFITE model 900 (United States). The samples were analyzed immediately after homogenization process. Steady shear measurements were made in triplicate at 25 °C. Flow curves were obtained using an up-downup step program using a shear rate range between 0 and 300 s -1 . 
RESULTS AND DISCUSSIONS
Conductivity
Kinetic Stability
The percentages of aqueous phase separated from the emulsions after 1 hour, 1 day, and 7 days of storage are shown in Table 1 . The phase separation was faster in the first hour, and it continued increasing up to 7 days of storage. The Table 1 . Kinetic stability of emulsions with 30, 40, and 50% (w/w) water at different periods (1 hour, 1 day, and 7 days).
% (w/w) water al. (2012) showed that the use of Triton-X-100 changed the properties of 72% v/v crude oil emulsions, prepared at 1700 rpm/15 min, in absence of solid particles, at 30°C. Emulsions with a slight increase in the viscosity and a significant increase in stability were produced with the increment of Triton concentration from 0.0125 to 1.5 % (w/w). Mean droplet size increased with water increment, varying between 2.8 and 10.6 µm. In addition, the increment of water content produced emulsions with a higher polidispersity, and a higher frequency of droplets bigger 2.5 µm. One can also note that the emulsions with bigger droplet size showed lower viscosity and worst kinetic stability. These are desired properties to pipeline transportation and posterior water separation at the end of this process. Bigger droplet size and higher kinetic instability of emulsion with 40 and 50 % (w/w) will turn easy emulsion destabilization during primary treatment. 
Rheology
Microstructure and mean droplet size
CONCLUSIONS
Emulsion inversion was confirmed by the evaluation of all emulsion properties. W/O to O/W emulsion occurred between 30 and 40 % (w/w) of aqueous phase. The emulsion with 30% (w/w) water showed low conductivity and high viscosity. High viscosity is associated with continuous phase composed by oil. Moreover, the emulsion with 30% (w/w) water showed small droplet size and, consequently, high kinetic stability. On the other hand, emulsions with 40 and 50 % (w/w) water showed high conductivity, low viscosity, bigger droplet size, and lower kinetic stability. Solid particle and surfactant addition affect emulsion properties, inducing emulsion inversion and producing O/W emulsion with lower viscosity than crude oil, attaining adequate conditions to pipeline transportation of petroleum emulsions when using 40 or 50% (w/w) water.
